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METHOD FOR STAGING FUEL IN A
TURBINE BETWEEN DIFFUSION AND
PREMIXED OPERATIONS

TECHNICAL FIELD

The present invention relates to gas and liquid fueled
turbines and more particularly to methods of operating
combustors having multiple nozzles for use in the turbines
wherein the nozzles are staged between diffusion and pre-
mixed modes of operation.

BACKGROUND

Turbines generally include a compressor section, one or
more combustors, a fuel injection system and a turbine
section. Typically, the compressor section pressurizes inlet
air, which is then turned in a direction or reverse-flowed to
the combustors, where it is used to cool the combustor and
also to provide air for the combustion process. In a multi-
combustor turbine, the combustors are generally located in
an annular array about the turbine and a transition duct
connects the outlet end of each combustor with the inlet end
of the turbine section to deliver the hot products of the
combustion process to the turbine.

There have been many developments in the design of
combustors as a result of continuing efforts to reduce emis-
sions, for example, NO, and CO emissions. Dual-stage
combustors have been designed in the past, for example, see
U.S. Pat. Nos. 4,292,801 and 4,982,570. Additionally, in
U.S. Pat. No. 5,259,184, of common assignee herewith,
there is disclosed a single-stage, i.e., single combustion
chamber or burning zone, dual-mode (diffusion and pre-
mixed) combustor which operates in a diffusion mode at low
turbine loads and in a premixed mode at high turbine loads.
In that combustor, the nozzles are arranged in an annular
array about the axis of the combustor and each nozzle
includes a diffusion fuel section or tube so that diffusion fuel
is supplied to the burning zone downstream of the nozzle
and a dedicated premixing section or tube so that in the
premixed mode, fuel is premixed with air prior to burning in
the single combustion zone. More specifically, and in that
patent, there is described diffusion/premixed fuel nozzles
arranged in a circular array mounted in a combustor end
cover assembly and concentric annular passages within the
nozzle for supplying fuel to the nozzle tip and swirlers
upstream of the tip for respective flow of fuel in diffusion
and premixed modes.

It has been discovered, however, that during the transition
from the diffusion mode to the premixed mode, the com-
bustor displays a tendency to become unstable and generates
high amplitude combustion noise. Additionally, as air flow
and fuel flow are varied to the combustor as required by the
turbine’s operating cycle, the combustor’s stability and
noise level can be adversely affected. The consequence of a
combustor with insufficient stability is the limited turndown
of the combustor. The consequences of a combustor with
unacceptably high noise levels are premature wear or high
cycle fatigue cracking of structural components in the com-
bustor. To design a dry low NO, combustor, it will be
appreciated that NO, emissions, CO emissions, combustion
dynamics and combustion stability are factors which must
be considered from an aerodynamic standpoint. The nature
of the combustion process provides an interdependency of
these factors.
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In the combustor design disclosed in U.S. Pat. No. 5,259,
184, previously discussed, fuel transfer from diffusion mode
to premixed mode is effected simultaneously. That is, the
fuel is transferred from all diffusion nozzles simultaneously
to all premixed nozzles. To accomplish that, the fuel transfer
is made by simply redirecting fuel from the diffusion supply
manifold to the premixed supply manifold. While the fuel
nozzle end cover was internally manifolded with a fuel
supply flange feeding an internal manifold for four of five
premix nozzles and a fuel supply flange feeding an internal
manifold for the fifth premix nozzle, the manifold arrange-
ment was provided only in order to cope with a generator
trip event while operating in a premixed mode. All premix
nozzles were intended to flow equal rates of fuel into the
combustor. Thus, combustion stability and combustion
dynamics created certain difficulties in using this single-
stage type combustor, particularly during transition from the
diffusion mode to the premixed mode.

DISCLOSURE OF THE INVENTION

The present invention utilizes staging of fuel to the fuel
nozzles in the turbine combustor such that stable and quiet
fuel transfers from the diffusion mode of operation to the
premixed mode of operation in a dry low NO, combustion
system can be accomplished. The present invention also
affords stable and quiet operation of the combustor while
operating in the premixed mode of operation over a wider
load range of the turbine than had been previously possible.
To accomplish the foregoing, the supply of fuel during
transition from the diffusion mode to the premixed mode is
staged, as well as during steady state operation in the
premixed mode. Fundamentally, the present invention pro-
vides for the variable control of the flow of fuel through the
nozzles to the combustion zone downstream of the nozzles
to provide an asymmetric flow of fuel across the combustor
during the transition and during portions of the premixed
mode of operation. That is, the present invention affords an
imbalance of fuel across the combustor, i.e., an uneven flow
of fuel through the nozzles in an annular array whereby the
fuel/air ratio among the nozzles is different from one
another. This occurs during both the diffusion mode of
operation at the initiation of the transition, during transition
and during premixed mode of operation at less than full
power. By splitting the fuel unevenly between premix
nozzles, premix nozzles designed for low NO, and CO
emissions performance but which exhibit less than desirable
stability and combustion dynamics characteristics can be
utilized. By increasing the percentage of premixed fuel to
one or more premix nozzles during transition from diffusion
to premixed mode of operation and/or during steady state
operation in a premixed mode, the local equivalence ratio at
the one or more fuel nozzle exits is higher than at the exit of
the remaining nozzles, resulting in a more stable flame at the
one or more nozzles. This creates an asymmetric heat release
in the head end of the combustor, which inhibits the onset of
strong dynamic pressure oscillations in the combustor. Once
established in steady state premixed mode, the fuel split can
be equalized among the premixed nozzles, thus improving
NO, and CO emissions.

In a typical example of the present invention, the com-
bustor may have, for example, five nozzles arranged in an
annular array about the central axis of the combustor simi-
larly as disclosed in U.S. Pat. No. 5,259,184. Each nozzle is
operated in a diffusion mode and supplied with fuel from a
common manifold. Each nozzle is also supplied with fuel
from a premix fuel supply manifold, the fuel supply to four
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of the premix nozzles being made through a single premix
fuel supply manifold and the supply of fuel to a fifth premix
nozzle being made through a second premix fuel supply
manifold. As explained earlier, the two premix supply mani-
folds were provided to cope with a generator trip event while
operating in the premixed mode and were intended to flow
equal flow rates of gas fuel to the various premixed nozzles.

In accordance with the present invention, however, the
fuel is staged to the various nozzles during transition from
the diffusion to the premixed mode. For example, at start-up,
fuel is supplied from the diffusion manifold to up to four of
the five nozzles for operation in the diffusion mode, thus
affording an asymmetric fuel pattern along the combustor.
Fuel may also be supplied to the fifth nozzle in the diffusion
mode from the same diffusion manifold, if desired, provid-
ing a symmetrical fuel flow along the combustor. During the
application of load, however, the fifth nozzle is disconnected
from the flow of fuel from the diffusion manifold (or is not
supplied with any fuel at all from the diffusion fuel manifold
upon start-up) and, before transition to the premixed mode,
the fifth nozzle is provided with premixed fuel from the
single premix manifold. Accordingly, during start-up at low
load, four nozzles are supplied with diffusion fuel and the
fifth with premixed fuel, while operation of the combustor
continues in the diffusion mode. The percentage of the total
fuel supplied the combustion zone by the fifth nozzle is
greater than the percentage of total fuel supplied by any one
of the diffusion nozzles, thus affording an asymmetrical fuel
loading across the combustor. At higher loadings, for
example, 50 through 90%, fuel from the diffusion manifold
is shut down and fuel is supplied to the four premix nozzles
from the premix manifold. When effecting this transition,
the fifth nozzle has a higher fuel/air ratio than any one of the
remaining four nozzles. Hence, the fifth nozzle runs rich and
stable and stabilizes the remaining four nozzles. This
enables the turbine to enter the premixed mode (lower
emissions mode) at a lower turbine load than would other-
wise be available absent this asymmetrical fuel loading. At
full load, the fuel split among the various nozzles in the
premix mode is equal. Thus, by unequally fuelling the
nozzles during the transition and during premix operation,
severe combustion dynamics, i.e., high acoustical noise and
resonation, is prevented from occurring as a result of the
imbalance of fuel across the combustor.

In a preferred embodiment according to the present inven-
tion, there is provided a method of operating a combustor for
a gas turbine wherein the combustor has a plurality of fuel
nozzles, comprising the step of variably controlling the flow
of fuel through the nozzles to a combustion zone down-
stream of the nozzles to provide an asymmetric flow of fuel
across the combustor.

In a further preferred embodiment according to the
present invention, there is provided a method of operating a
combustor for a gas turbine wherein the combustor has a
plurality of fuel nozzles in an annular array about the
combustor comprising the step of providing an asymmetric
flow of fuel across the combustor to a combustion zone
downstream of the nozzles.

In a still further preferred embodiment according to the
present invention, there is provided a method of operating a
combustor for a gas turbine wherein the combustor has a
plurality of nozzles comprising the steps of flowing fuel
through at least certain of the plurality of nozzles operating
in a diffusion mode to a single combustion zone downstream
of the nozzles and during transition from a diffusion mode
of operation to a premixed mode of operation, flowing fuel
to the combustion zone through at least one of the plurality
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of nozzles operating in a premixed mode while maintaining
the certain nozzles operating in the diffusion mode.

Accordingly, it is a primary object of the present invention
to provide in combustors for turbines a method of staging
fuel to the fuel nozzles of the combustor for quiet and stable
fuel transfer from the diffusion mode of operation to the
premixed mode of operation and also to enable stable and
quiet operation of the combustor operating in the premixed
mode of operation over a wider load range of the turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view through one of the
combustors of a turbine in accordance with an exemplary
embodiment of the present invention;

FIG. 2 is a sectional view of a fuel injection nozzle
thereof;

FIG. 3 is an enlarged end detail of the forward end of the
nozzle;

FIG. 4 is a front end view of a nozzle;

HFIG. 5 is a front end view of the combustion liner cap
assembly; and

FIG. 6 is a schematic illustration of the arrangement of the
nozzles with the premix and diffusion fuel supply manifolds.

BEST MODE FOR CARRYING OUT THE
INVENTION

With reference to FIG. 1, the gas turbine 10 includes a
compressor 12 (partially shown), a plurality of combustors
14 (one shown), and a turbine represented here by a single
blade 16. Although not specifically shown, the turbine is
drivingly connected to the compressor 12 along a common
axis. The compressor 12 pressurizes inlet air which is then
reverse flowed to the combustor 14 where it is used to cool
the combustor and to provide air to the combustion process.

As noted above, the gas turbine includes a plurality of
combustors 14 located about the periphery of the gas tur-
bine. A double-walled transition duct 18 connects the outlet
end of each combustor with the inlet end of the turbine to
deliver the hot products of combustion to the turbine.
Ignition is achieved in the various combustors 14 by means
of spark plug 20 in conjunction with cross fire tubes 22 (one
shown) in the usual manner.

Each combustor 14 includes a substantially cylindrical
combustion casing 24 which is secured at an open forward
end to the turbine casing 26 by means. of bolts 28. The
rearward end of the combustion casing is closed by an end
cover assembly 30 which includes conventional supply
tubes, manifolds and associated valves, etc., for feeding gas,
liquid fuel and air (and water if desired) to the combustor as
described in greater detail below. The end cover assembly 30
receives a plurality (for example, five) of fuel nozzle assem-
blies 32 (only one shown for purposes of convenience and
clarity) arranged in a symmetric circular array about a
longitudinal axis of the combustor (see FIG. 5).

Within the combustor casing 24, there is mounted, in
substantially concentric relation thereto, a substantially
cylindrical flow sleeve 34 which connects at its forward end
to the outer wall 36 of the double-walled transition duct 18.
The flow sleeve 34 is connected at its rearward end by means
of aradial flange 35 to the combustor casing 24 at a butt joint
37 where fore and aft sections of the combustor casing 24
are joined.
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Within the flow sleeve 34, there is a concentrically
arranged combustion liner 38 which is connected at its
forward end with the is inner wall 40 of the transition duct
18. The rearward end of the combustion liner 38 is supported
by a combustion liner cap assembly 42 which is, in turn,
supported within the combustor casing by a plurality of
struts 39 and associated mounting flange assembly 41 (best
seen in FIG. 5). It will be appreciated that the outer wall 36
of the transition duct 18, as well as that portion of flow
sleeve 34 extending forward of the location where the
combustion casing 24 is bolted to the turbine casing (by
bolts 28) are formed with an array of apertures 44 over their
respective peripheral surfaces to permit air to reverse flow
from the compressor 12 through the apertures 44 into the
annular space between the flow sleeve 34 and the liner 38
toward the upstream or rearward end of the combustor (as
indicated by the flow arrows shown in FIG. 1).

The combustion liner cap assembly 42 supports a plurality
of premix tubes 46, one for each fuel nozzle assembly 32.
More specifically, each premix tube 46 is supported within
the combustion liner cap assembly 42 at its forward and
rearward ends by front and rear plates 47, 49, respectively,
each provided with openings aligned with the open-ended
premix tubes 46. This arrangement is best seen in FIG. §,
with openings 43 shown in the front plate 47. The front plate
47 (an impingement plate provided with an array of cooling
apertures) may be shielded from the thermal radiation of the
combustor flame by shield plates 45. B

The rear plate 49 mounts a plurality of rearwardly extend-
ing floating collars 48 (one for each premix tube 46,
arranged in substantial alignment with the openings in the
rear plate), each of which supports an air swirler 50 in
surrounding relation to a radially outermost tube of the
nozzle assembly 32. The arrangement is such that air flow-
ing in the annular space between the liner 38 and flow sleeve
34 is forced to again reverse direction in the rearward end of
the combustor (between the end cap assembly 30 and sleeve
cap assembly 44) and to flow through the swirlers 50 and
premix tubes 46 before entering the burning zone within the
liner 38, downstream of the premix tubes 46.

Turning to FIGS. 2, 3 and 4, each fuel nozzle assembly 32
includes a rearward supply section 52 with inlets for receiv-
ing lquid fuel, atomizing air, diffusion gas fuel and premix
gas fuel, and with suitable connecting passages for supply-
ing each of the above mentioned fluids to a respective
passage in a forward delivery section 54 of the fuel nozzle
assembly, as described below.

The forward delivery section 54 of the fuel nozzle assem-
bly is comprised of a series of concentric tubes 56, 58. The
tubes 56 and 58 provide a premix gas passage 60 which
receives premix gas fuel from an inlet 62 connected to
passage 60 by means of conduit 64. The premix gas passage
60 also communicates with a plurality (for example, eleven)
radial fuel injectors 66, each of which is provided with a
plurality of fuel injection ports or holes 68 for discharging
gas fuel into a premix zone 69 located within the premix
tube 46. The injected fuel mixes with air reverse flowed from
the compressor 12, and swirled by means of the annular
swirler 50 surrounding the fuel nozzle assembly upstream of
the radial injectors 66.

The premix passage 60 is sealed by an O-ring 72 at the
forward or discharge end of the fuel nozzle assembly, so that
premix fuel may exit only via the radial fuel injectors 66.

The next adjacent passage 74 is formed between concen-
tric tubes 58 and 76, and supplies diffusion gas to the
burning zone 70 of the combustor via orifice 78 at the
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forwardmost end of the fuel nozzle assembly 32. The
forwardmost or discharge end of the nozzle is located within
the premix tube 46, but relatively close to the forward end
thereof, The diffusion gas passage 74 receives diffusion gas
from an inlet 80 via conduit 82.

A third passage 84 is defined between concentric tubes 76
and 86 and supplies atomizing air to the burning zone 70 of
the combustor via orifice 88 where it then mixes with
diffusion fuel exiting the orifice 78. The atomizing air is
supplied to passage 84 from an inlet 90 via conduit 92.

The fuel nozzle assembly 32 is also provided with a
further passage 94 for (optionally) supplying water to the
burning zone to effect NO, reductions in a manner under-
stood by those skilled in the art. The water passage 94 is
defined between the tube 86 and adjacent concentric tube 96.
Water exits the nozzle via an orifice 98, radially inward of
the atomizing air orifice 88.

Tube 96, the innermost of the series of concentric tubes
forming the fuel injector nozzle, itself forms a central
passage 100 for liquid fuel which enters the passage by
means of inlet 102. The liquid fuel exits the nozzle by means
of a discharge orifice 104 in the center of the nozzle. It will
be understood by those skilled in the art that the liquid fuel
capability is provided as a back-up system, and passage 100
is normally purged with compressor discharge air while the
turbine is in its normal gas fuel mode.

The combustor, as described above, is fully set forth in
U.S. Pat. No. 5,259,184 and its operation is therein
described as well. In that described operation, diffusion gas
fuel is fed through inlet 80, conduit 82 and passage 74 for
discharge via orifice 78 into the burning zone 70, where it
mixes with atomizing air, is ignited by sparkplug 20 and
burned in the zone 70 within the liner 38 during a diffusion
mode of operation. At higher loads, premix gas fuel is
supplied the passages 60 via inlet 62 and conduit 64 for
discharge through orifices 68 in radial injector 66. The
premix fuel mixes with air, entering the premix tube 46 by
means of swirlers 50, the mixture igniting in burning zone
70 in liner 38 by the preexisting flame from the diffusion
mode of operation. During premix operation, the fuel to the
diffusion passage 74 is shut down.

As indicated previously, certain tendencies toward insta-
bility and high amplitude combustion noise are exhibited
during transition between the diffusion and premixed modes
of operation. The present invention stages the fuel to the fuel
nozzles in a manner which will now be described to mini-
mize or climinate those tendencies, as well as to enable
operation in a premixed mode over a wider load range of the
turbine than previously believed possible.

Referring now to FIG. 6, there is schematically repre-
sented a diffusion fuel manifold 110 for supplying diffusion
fuel to the diffusion fuel inlet passages 80 of the various
nozzles 32. A valve 112 may be located in the manifold 110
to open and close the supply of fuel from manifold 110 to the
nozzles. Additionally, a valve 114 may be disposed in the
diffusion fuel line to one or more of the diffusion fuel
nozzles. Further, in FIG. 6, there is illustrated a first premix
manifold 116 for supplying premix fuel to certain of the
nozzles and a second premix manifold 118 for supplying
fuel to the remaining one or more nozzles. Each downstream
premix manifold has a valve 120 and 122 movable between
open and closed positions to supply fuel or not to the
connected nozzles. Individual valves can be located in the
individual supply lines as desirable and it will be appreciated
that the manifold valves, as well as any valves disposed in
the fuel supply lines, will be operated in a conventional
manner.



5,491,970

7

To stage the fuel during the operation of the combustor, at
start-up, the valve 112 is opened to supply diffusion fuel
from manifold 110 to each of the nozzles 32 or to a lesser
number of the nozzles, for example, by closing valve 114, or
by omitting a diffusion fuel supply line entirely to one or
more of the nozzles. With the turbine combustor now
operating in the diffusion mode with all or less than all of the
nozzles supplied with the diffusion fuel, load is applied to
the turbine. In one preferred form of operation, the diffusion
fuel is supplied only to four of the five nozzles, as illustrated,
and the fifth nozzle is totally disconnected from the diffusion
fuel manifold and supplies only air to the fifth nozzle during
start-up. As load is applied, for example, within a range of
30 to 50% of full power, the combustor is transitioned from
operation in a diffusion mode to operation in a premixed
mode. At the beginning of the transition, the second premix
manifold valve 122 is opened to supply premix fuel to the
fifth nozzle whereby diffusion mode operation continues,
but with the fifth nozzle providing premixed fuel/air to the
single combustion zone. As the load increases, the supply of
diffusion fuel to the remaining four nozzles is cut off and the
valve 120 of the first premix manifold 116 is opened to
supply premix fuel to the four nozzles. At this stage (during
diffusion operation prior to transition and during premixed
operation after transition), it will be appreciated that the
nozzles are unequally supplied with fuel. Preferably, the fifth
nozzle has a greater fuel/air ratio and therefore runs rich and
stable. This also stabilizes the other four nozzles when
transitioned from the diffusion to premixed mode and allows
entry into the premixed mode at a lower turbine load than
would otherwise be the case. This unequal fueling of the
nozzles prevents severe combustion dynamics from occur-
ring during the transition and increases the stability of the
combustion process.

Further, near full load, i.e., 90%, the fuel split between the
premix nozzles is modulated to provide substantially equal
fuel flow to the premix nozzles. Thus, the ability to vary the
fuel split enables utilization of premix nozzles which are
designed for Jow NO, and CO emissions performance, and
which exhibit desirable stability and combustion dynamics
characteristics. Also note that the increase in fuel as a
percentage of total fuel supplied to the fifth nozzle prior to
and during transition and at higher loadings enables the fifth
nozzle to have a higher local equivalence ratio than at the
exit of the other four nozeles, resulting in a more stable
flame at the fifth nozzle. Note further that the fifth nozzie
creates an asymmetric heat release at the head end of the
combustor which inhibits the onset of strong dynamic pres-
sure oscillations in the combustor.

It will be appreciated that the number of nozzles previ-
ously referred to, i.e., five nozzles, is exemplary only and
that a greater or lesser number of nozzles may be utilized, It
will also be appreciated that the manner in which the fuel is
split among the various nozzles need not be through mani-
folds but could be accomplished through individual valves
in each of the fuel supply lines to the various nozzles.

While the invention has been described in connection
with what is presently considered to be the most practical
and preferred embodiment, it is to be understood that the
invention is not to be limited to the disclosed embodiment,
but on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the appended claims.

What is claimed is:

1. A method of operating a combustor for a gas turbine
wherein the combustor has a plurality of fuel nozzles
arranged about an axis of the commbustor, comprising the step
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of variably controlling the flow of fuel through the nozzles
to a combustion zone downstream of said nozzles to provide
an asymmetric flow of fuel across the combustor in a plane
normal to said axis and during transition between a diffusion
flow mode of operation and a premixed mode of operation.

2. The method according to claim 1 including the further
step of providing the asymmetric flow of fuel during a
diffusion mode of operation of the turbine preceding said
transition.

3. The method according to claim 1 including the further
step of providing the asymmetric flow of fuel during a
premixed mode of operation succeeding said transition.

4. The method according to claim 1 wherein the nozzles
are arranged in a symmetrical annular array about said axis
of the combustor, and including the further step of providing
the asymmetric flow of fuel by supplying a greater percent-
age of the total fuel flow through the combustor through one
of said nozzles than any other of said nozzles.

5. The method according to claim 1 including, simulta-
neously during said transition, providing diffusion fuel
through a first predetermined number of said nozzles less
than the total number of said plurality of nozzles to the
combustion zone and providing premixed fuel/air through
remaining nozzles of said plurality of nozzles.

6. A method of operating a combustor for a gas turbine
wherein the combustor has a plurality of fuel nozzles in an
annular array about an axis of the combustor comprising the
step of providing an asymmetric flow of fuel across the
combustor in a plane normal to said axis to a combustion
zone downstream of said nozzles and during transition
between a diffusion flow mode of operation and a premixed
mode of operation.

7. The method according to claim 6 including the further
step of providing the asymmetric flow of fuel during a
diffusion mode of operation succeeding said transition.

8. The method according to claim 6 including the further
step of providing the asymmetric flow of fuel during a
premixed mode of operation succeeding said transition.

9. The method according to claim 6 including, simulta-
neously during said transition, providing diffusion fuel
through a first predetermined number of said nozzles less
than the total number of said plurality of nozzles to the
combustion zone and providing premixed fuel/air through
remaining ‘nozzles of said plurality of nozzles.

10. A method of operating a combustor for a gas turbine
wherein the combustor has a plurality of nozzles in an array
about an axis of said combustor comprising the steps of:

flowing fuel through at least certain of said plurality of
nozzles operating in a diffusion mode to a single
combustion zone downstream of said nozzles; and

during transition from a diffusion mode of operation to a
premixed mode of operation, flowing fuel to the com-
bustion zone through at least one of said plurality of
nozzles operating in a premixed mode while maintain-
ing said certain nozzles operating in the diffusion mode
and variably controlling the flow of fuel through said
nozzles to provide an asymmetric flow of fuel across
the combustor in a plane normal to said axis to the
combustion zone downstream of said nozzles.

11. The method according to claim 10 including the step
of providing the asymmetric flow of fuel during said tran-
sition.

12. The method according to claim 10 including the step
of, subsequent to said transition, operating all nozzles in the
premixed mode.

13. The method according to claim 10 wherein said
nozzles are in an annular array about an axis of said
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combustor, and including the further steps of subsequent to
said transition, operating all nozzles in the premixed mode,
variably controlling the flow of fuel through all of said
nozzles to provide an asymmetric fiow of fuel across the

combustor in a plane normal to said axis during operation of 5

all nozzles in the premixed mode.

14. The method according to claim 10 including the
further step of providing an asymmetric flow of fuel across
the combustor to a combustion zone downstream of said
nozzles.

10

15. The method according to claim 10 including flowing
fuel through said nozzles to provide a fuel/air ratio through
one nozzle different from a fuel/air ratio through another of
said nozzles.

16. The method according to claim 15 wherein said
fuel/air ratio through said one nozzle is greater than the
fuel/air ratio through said another nozzle.
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